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2model (2HDM). The corresponding tree-level Yukawa




































) is the mass of fermion f (f
0





i is the ratio of the vacuum expectation val-














is the relevant Cabibbo-Kobayashi-











vary as the input parameter tan






tan  grows, and reaches about 0:20   0:51 for tan  =
20   50, while Y

R(0)
is zero because of the absence of
right-handed Dirac neutrinos in the MSSM. As a typical














coupling contains a CKM suppres-
sion factor V
cb
' 0:04, so that Y
bc
L(0)
is around 0:03 for
tan  = 50 and Y
bc
R(0)
is less than about 2  10
 4
for
tan  > 2. However, some radiative corrections arising
from the Supersymmetry (SUSY) interaction can signif-









coupling from the natural stop-scharm (
~
t   ~c) mixing in
the SUSY soft-breaking sector can be quite sizable. For
instance, in some class of MSSM [4], the non-diagonal
scalar trilinear A-term for the up-type squarks can in-
duce the Yukawa couplings of b-c-H

, such that for
tan  = 50, Y
bc
L
is around 0.05 and Y
bc
R







 0 will be relevant to our latter
discussion on how to use a polarized photon collider to
discriminate models of new physics by testing the chiral-
ity structure of the fermion Yukawa couplings.
We now turn to the TopC model [13], which provides
an attractive scenario for explaining the large top quark
mass from the h

tti condensation via the strong SU (3)
tc
TopC interaction at the TeV scale. The associated strong
tilting U (1) force is attractive in the h

tti channel and re-
pulsive in the h

bbi channel, so that the bottom quark
mainly acquires its mass from the TopC instanton con-







). The Yukawa interactions of

















































































  1 and the top-pion decay
constant v
t





are needed for diagonalizing the









































(dashed curves) for the TopC model [cf.





































yield a realistic form of the CKM matrix V (such as the




' 0:99  0:94, K
tc
UR












tion can be naturally around 10 30% [5]. Consequently,
the Yukawa couplings of fermions with the charged top-


























taking a typical value of tan 
0





















' (0; 0:3) ; (5)
which will be used as the sample TopC parameters for
our numerical analysis.




is purely right-handed, in contrast to the left-
handed Yukawa couplings predicted by the MSSM with a
large tan  value. This makes it possible to discriminate
the TopC model from the MSSM or a Type-II 2HDM by
measuring the production rate of single charged Higgs




COLLISION AS A PROBE OF NEW PHYSICS
Using the default parameters of the TopCmodel, as de-
scribed in the previous section, cf. Eq. (5), we calculate








as a function of M
H

. The result is shown in Fig. 1. A
few discussions on the feature of the results shown in




s=2, the charged Higgs
bosons can be produced in pairs. In this case, the produc-














3production diagrams with the produced H
 
decaying
into a bc pair. Hence, its rate is proportional to the de-
cay branching ratio Br(H
 





is about 7GeV (143GeV),
and Br(H
 
! bc) is 0.15 (0.015).) As shown in the
gure, there is a kink structure when M
H
 is around
180GeV. That is caused by the change in Br(H
 
! bc)











=2, the cross section in






It is evident that the cross section of  ! bcH
+
is














s=2, where the pair production is
not kinematically allowed, the dierence between these
two cross sections becomes much larger (two or three




stand the cause of this dierence, we have to examine







and  ! bcH
+
. In the
former process, all the Feynman diagrams contain an s-
channel propagator which is either a virtual photon or a
virtual Z boson. Therefore, when M
H





, the cross section decreases rapidly. On the













, whose contribution is enhanced
by the two collinear poles (in a t-channel diagram) gen-
erated from  ! cc and  ! b

b in high energy colli-







being the bottom or charm quark
mass, the cross section of  ! bcH
+









From the above discussions we conclude that a photon-
photon collider is superior to an electron-positron col-
lider to detect a heavy charged Higgs boson. More-
over, a polarized photon collider can determine the chi-
rality of the Yukawa couplings of fermions with charged
Higgs bosons via single charged Higgs boson production.
This point is illustrated as follows. First, let us con-






=2. As noted above,
in this case, the production cross section is dominated





the TopC model, because Y
bc
L




















the other hand, in the MSSM with stop-scharm mixing
and large tan , Y
bc
R
 0 (and Y
bc
L
















. Therefore, we expect





), then a TopC charged Higgs boson (top-pion)
can be copiously produced, while a MSSM charged Higgs
boson (with a large tan ) is highly suppressed. To detect
a MSSM charged Higgs boson, both photon beams have




). This is sup-
ported by an exact calculation whose results are shown
in Fig. 2(a) for the TopC model. (A similar feature also
holds for the class of MSSM proposed in Ref. [4] after
interchanging the label of RR and LL in Fig. 2(a).)





s=2 can be understood from examining the




. The helicity ampli-




pair production in polarized photon







































, can take the value of either  1 or +1,
corresponding to a left-handedly (L) or right-handedly
(R) polarized photon beam, respectively;  is the scat-
tering angle of H
+









. In the massless limit, i.e. when
M
H









































































! bc), the LL and RR cross




decreases, cf. Fig. 2.
It is important to point out that the complete set
of Feynman diagrams has to be included to calculate
( ! bcH
+







of the requirement of gauge invariance. To study the
eect of the additional Feynman diagrams, other than









(! bc), one can examine the single charged
Higgs boson rate in this regime with the requirement that
the invariant mass of bc, denoted asM
bc






































denotes the mass resolution of the detector
for observing the nal state b and c jets originated from
the decay of H
 
. For example, in Fig. 2(a) the set of
dashed-lines are the polarized cross sections after impos-
ing the above kinematical cut. With this cut, the to-








=2. (Needless to say that this cut can








The eect of this kinematic cut on the RR and LL rates
are signicantly dierent in the low M
H
 region. It im-




pair production diagrams cannot
be the whole production mechanism, otherwise, we would
expect the rates of RR and LL be always equal due to























































GeV in polarized photon collisions for the TopC model [cf.
Eq. (5)]. Solid curves are the results without any kinematical
cut, and Dashed curves are the results with the kinematical













= 800 GeV in polarized photon
collisions for the MSSM [cf. Eq. (3)].
the parity invariance of the QED theory. (Again, a sim-
ilar feature also holds for the MSSM models proposed in
Ref. [4] after interchanging the labels of LL and RR.) In









MSSM with tan  = 30.
IV. CONCLUSIONS
The single charged Higgs boson can be produced at
polarized photon colliders via the scattering processes
 ! bcH
+
and  ! H
+
. We have shown that
the production rate of H

in the  collision is much













rate is smaller by at least one
or two orders of magnitude than the  rate. This is
because in high energy collisions there are two collinear











processes contain only s-channel diagrams and
cannot generate any collinear enhancement factor to the
single charged Higgs boson production rate. Further-





, separately, at photon-photon col-
liders by properly choosing the polarization states of the
incoming photon beams. This unique feature of the pho-
ton colliders can be used to discriminate models of avor
symmetry breaking. Hence, we conclude that a polarized
photon-photon collider is not only useful for determining
the CP property of a neutral Higgs boson, but also useful
for detecting a heavy charged Higgs boson and determin-
ing the chirality of the Yukawa couplings of fermions with
charged Higgs boson.
Needless to say that a full Monte Carlo simulation is
needed to determine how well the Yukawa couplings can
be measured. For detecting a heavy charged Higgs boson
(say, 500GeV in the TopC model), the SM background





b pair, and the signal rate is at most reduced by a factor
of 2 to 3 by demanding the polar angle () of the forward
b and c jets to satisfy j cos j < 0:98 or 0:95, respectively,
at a 800GeV photon-photon collider.
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